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ABSTRACT: The objective of this study was to measure the effects of glucose and salt level on white blood
cells, red blood cells and platelets (PLTs) in the blood of a leukemic patient by using a white light microscope. Different
concentrations of glucose and salt in the range of 0 mM to 500 mM were admixed in the blood sample to prepare blood
smear. We revealed that shape of erythrocytes, leukocytes and platelets changes and form aggregates. Increasing
concentrations of glucose cause to increases aggregation process of white blood cells, red blood cells and platelets. And
the increasing concentration of sodium chloride causes to increase rouleaux formation and aggregation of platelets but
dehydration due to increased sodium chloride concentration causes to break the aggregation of white blood cells.
Comparison of CBC reports of these samples with and without analytes shows that total leukocyte count (TLC) decreases
gradually towards normal ranges of leukocytes which is favorable in the treatment of leukemia but at the same time
decreasing level of hemoglobin HGB, mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration
(MCHC) and increasing level of red blood cell (RBCs) causes to reduce oxygen supply which is in favor of cancer growth
and anemia. This work provides us the base for translation this in vitro study towards the in vivo case of blood

microvasculature as a non-invasive methodology.

KEYWORDS: White light microscopy. Complete blood count (CBC). Total leukocyte count (TLC). Red blood
cell (RBC). White blood cell (WBC). Mean corpuscular hemoglobin (MCH). Mean corpuscular hemoglobin concentration

(MCHC).
INTRODUCTION

Blood is a connective fluid tissue which
constitutes about 7% of our total body weight. It is
composed of 45% of blood cells and 55% plasma.
In living animals, like the human body, blood
transport salts, minerals, oxygen, carbon dioxide
and ingredients of foods to all parts of the body
(JANJUA et al., 2016). A disease in which cells
violates normal rules of cell division and continue
an uncontrolled growth is called cancer. The
spreading of cancerous cells to other parts of the
body is called metastasis and if cancerous cells
form a clump it is called tumor (HEJMADI, 2009).
Leukemia is a non-solid tumor and causes by the
abnormal production of WBCs (LAM, 2003).
Cancer of leukocytes arises by the mutation in the
hematopoietic stem cell. Malignant cells replace
and turn off the normal marrow elements, causing
anemia, thrombocytopenia, and a deficiency of
normally functioning leukocytes. The leukemic
cells infiltrate other organs, destroying normal
tissue.

Leukemia is caused by abnormal
production of white blood cells. Vitamin C and
glucose have the same chemical structure
(AFKHAMI-ARDEKANTI; SHOJAODDINY-

ARDEKANI, 2007) so when we eat sugar it
directly fills the place of vitamin C in white blood
cell and as a result, the active quantity of vitamin C
in white blood cell decreases. As sugar is empty
calories so it does not help the white blood cells to
destroy pathogens (JANJUA et al.,, 2016). High
consumption of sugar suppresses the immune
system causes to decrease the phagocytic capacity
of neutrophils. Thus, weaken the immune system.
According to the scientist Otto Warburg
(ANNIBALDI; WIDMANN, 2010) increased
levels of sugar cause to increase the production of
cancer cells. Tumor cells consume more glucose
than normal cells. Tumor cells convert glucose into
lactic acid even in the normal supply of oxygen.
Tumor cells produce and release many cytokines
that increase the accumulation of leukocytes
(PRANDONI et al., 2005). As we know that
glucose is a form of carbohydrates and is a
compound of carbon, oxygen, and hydrogen. Its
concentration is controlled by two hormone insulin
& glucagon to keep the normal concentration of
glucose in the blood. Any disruption in these
hormones leads to hypoglycemia or hyperglycemia
which is known as diabetes. All tumor cells have
the ability to activate clotting process thus causes
the accumulation of different cells like red blood
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cells (RBCs), platelets (PLTs) & and white blood
cells (WBCs)(De Cicco, 2004).

Salt is one of the important gradients of
diet to maintain homeostasis in the body. The
normal value of NaCl is 135-145 mM/L. The
concentration of sodium chloride affects the blood
pressure. Hypernatremia causes high blood
pressure. Due to the nucleus and sensitive
membrane effect of salt is clear in white blood
cells. Increased level of sodium in the blood causes
dehydration (ADROGUE; MADIAS, 2000) and
increase the production of immune cells that cause
the autoimmune diseases i.e. they destroy healthy
cells (WU et al., 2013, KLEINEWIETFELD et al.,
2013). Dysfunction of kidneys, drugs, and excess
of water intake causes hyponatremia. In cancer,
hyponatremia is more  dangerous  than
hypernatremia (JANJUA et al., 2016). Tumor cells
have a higher concentration of sodium inside them
than a healthy one.

Accumulation of sodium in blood vessels
results in high blood pressure that causes many
problems like cardiovascular, renal dysfunction,
heart strokes, and stiffness of arteries. Platelet
reactivity increases due to the accumulation of
sodium, so high intake of sodium chloride results in
clumping of platelets and causes high blood
pressure.

Different techniques and instruments have
been used to observe the effects of two analytes
(glucose and Table salt) on blood cells including
photoacoustic spectroscopy, mid-infrared
spectroscopy, optical coherence tomography,
microscopy, computed tomography, optical diffuse
reflectance, and light polarimetry etc (JANJUA et
al., 2016). The objective of this work was to measure
the effects of glucose and salt level on white blood cells,
red blood cells and platelets (PLTs) in the blood of a
leukemic patient by using a white light microscope.

MATERIAL AND METHODS

We have wused white light digital
microscopy (Optika, Italy) and dark field
microscopy with CCD camera and have recorded
the 2D images in transmission mode. In light
microscopy, intense beam of light is used to make
sample visible, objective lens magnify the cells up
to many times to analyze cells bodies.

Sample set 1: (Effect of glucose (CsH;;O¢) on
cells in cancerous blood)
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Our sample set 1 consists of six different
concentrations i.e. 0 mM, 100 mM, 200 mM, 300
mM, 400 mM and 500 mM of glucose (C¢H;,04) in
cancerous blood i.e. leukemia. The corresponding
concentrations of glucose were weighed with
Sartorius digital balance (least count 0.0001g).
Each concentration was prepared in 2 ml blood of
leukemia patient with blood group A+ve and
aforementioned concentrations of glucose were
admixed gently to prepare blood smear of each
concentration. The smear of each concentration was
examined under a microscope with the objective of
100X and images were saved with the help of CCD
camera.

Sample set 2 (Effects of Salt [NaCl] on
cancerous blood)

Our sample set 2 was prepared with the
same protocol as sample set 1 except the analyte
was replaced with salt (NaCl) having same
concentrations. Here, 0 mM means there is no extra
salt is added i.e. inherent salt is present. A
centrifuge machine for five minutes at 800 rpm was
used to prepare platelet-rich plasma (PRP). The
prepared smears were covered with coverslips and
examined one by one under the microscope at 40X
in dark field to analyze the effect of sodium
chloride on platelets. The blood was drawn after
signing a written consent by the donor for the
purpose of experimentations.

RESULTS

For Glucose analyte

2-D images of each concentration in whole
blood of leukemia of WBCs and PLTs under
glucose analyte are shown in Figures 1 and 2
respectively. Table 1 gives CBC reports of glucose
containing samples.

For Salt analyte

2-D images of each concentration in whole
blood of leukemia of WBCs and PLTs under salt
analyte are shown in Figures 3 and 4 respectively.
Table 2 gives CBC reports of NaCl containing
samples.
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Figure 1: 2D images of leukocytes and erythrocytes in whole blood of 40 years old leukemic patient obtained
with light microscope in transmission mode of glucose concentrations of (a) 0 mM, (b) 100 mM, (c)
200 mM, (d) 300 mM, (e) 400 mM and (f) 500 mM.
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(a) (b)
(c) (

d)
(e) ()
Figure 2: 2D images of PRP ( platelet-rich plasma) of leukemic patient with 40X magnification in

transmission mode for glucose concentrations (a) 0 mM, (b) 100 mM, (c) 200 mM, (d) 300 mM, (e)
400 mM, (f) 500 mM
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Figure 3: 2D images of leukemia patient with light microscope 100X magnification in transmission mode for
NaCl concentrations (a) 0 mM, (b) 100 mM, (c) 200 mM, (d) 300 mM, (e) 400 mM and (f) 500 mM.
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(e
Figure 4: 2D micrographs of platelets of leukemia patient after addition of sodlum chloride with light mode
40X under transmission mode with concentrations (a) 0 mM, (b) 100 mM, (¢) 200 mM, (d) 300
mM, (e) 400 mM and 500 mM.
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Table 1: CBC reports of glucose-containing samples

Sr. Conc. WBC RBC PLT
No. mM x 10° /uL x 10°/uL x 10° /uL

W, W, DW % R, R, DR % P, P, DP %

1 100 131 977 -333 254 433 440 +0.07 1.62 965 968 +03  0.003
2 200 125 842 -408 326 339 359 +020 590 171 265 +94 54.9
3 300 11 10.1 09 81 462 502 +040 8.65 193 194 +01  0.005
4 400 13.7 125 -12 87 455 487 +032 7.03 147 103 47 -31.97
5 500 917 662 -255 278 412 424 +0.12 291 1599 1501 -98 -6.13
Sr.  Con MCH MCHC HGB
No c. Pg(pico-gram) g/dL g/dL.
mM
MC MC Dmc % MCH MCH DMCH % HGB HGB DHG %
H H h G G C 1 2 B
1 100 303 287 -16 52 34.1 28.7 -S54 15.8 13.1 125 -0.6 4.5
3
2 200 304 304 +00 00 34.3 27.5 -6.8 19.8 119 109 -1.0 8.4
2
3 300 29.1 257 -34 116 326 26.3 -6.3 193 135 129 -06 4.4
8
4 400 324 298 26 802 333 27.8 -5.5 16.5 147 145 -02 1.36
5 500 293 250 43 146 329 25.7 -1.2 21.8 120 106 -14 116
7 8 6
Table 2: CBC reports of NaCl containing samples
Sr.  Conc. WBC RBC PLT
No. mM x 10° /juL x 10°/uL x 10° /juL

W, W, DW % R, R, DR % P, P, DP %

1 100 116 101.8 -14.2 1224 338 344 +0.06 1.7 537 807 +270 50.2

2 200 94.7 62.6 -32.1 3389 386 4.03 +0.17 4.4 55 90 +35  63.6

3 300 89.3 554 339 3796 5.04 527 +40.23 4.5 975 1130 +155 15.8

4 400 104.7 80.2 -245 2340 340 3.48 +0.08 2.3 287 386  +99 344

5 500 106.1 837 -224 21.11 451 4.67 +0.16 3.5 748 519 -229 -30.6

Sr. Conc MCH MCHC HGB
No . Pg(pico-gram) g/dL g/dL
mM
MCH MCH Dm¢c % MCH MCH DMCH % HGB HGB DHG %
1 2 h G G C 1 2 B

1 100 273 238 -35 12 36.0 28.4 -7.6 21.1 9.2 8.2 -1.0 10.

8 8

2 200 244 216 28 11. 322 26.1 -6.1 189 94 8.7 0.7 74

4

3 300 250 243 -07 28 31.5 27.0 -4.5 142 126 11.7 09 7.1
8

4 400 307 299 -08 26 345 28.7 -5.8 16.8 106 104 -0.2 1.8
1

5 500 273 248 25 92 329 26.8 -6.1 185 123 11.6 -0.7 56
4

Note: Subscript “1”” shows normal count while subscript “2” represents count after mixing analytes. “D” represents the difference. “-ve”
sign represents decreasing count and “+ve” represents increasing count. “%” represents percentage count with respect to normal count.
Variations in these parameters based on CBC reports are plotted in Figures 5 for easy analysis.
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Figure 5. The effect of NaCl and glucose on percentage blood components

DISCUSSIONS

Sample with 0 mM sugar shows that there
are broken and abnormal WBCs present in the
leukemic patient as shown in Figure 1(a). With
increasing glucose concentration, white blood cells
absorb sugar undergo shape changes i.e. from round
to oval shape and start to disintegrate (parts of
WBCs spreads all around RBCs) as shown in Figure
I(b, c, d). At a further higher concentration of
glucose along with disintegration and shape changes
of leukocytes, they start to accumulate and cause to
aggregate. At a high intake of glucose accumulation,
distortion of leukocytes increases shown in Figure
I(e, f). Leukocytes count increases in
hyperglycemia (PANNACCIULLI et al., 2003) and

is positively related to plasma glucose level i.e.
neutrophils increases but eosinophils decreases (XU
et al., 2013).

The concentration of fibrinogen and (FPA)
fibrin peptide-A [macromolecules] increases in
acute leukemia. Fibrin deposits are also present
around tumor cells (RICKLES; EDWARDS, 1983)
so stacks of erythrocytes are already present in the
leukemic patient as shown in Figure 1(a). As the
increasing concentration of glucose increase the
tumor growth causes to increase the production of
macromolecules which act as a bridge between
erythrocytes resulting in the stacking of red blood
cells. So with the increase in the molar
concentration of glucose, aggregation of red blood
cells also increases i.e. rouleaux formation is
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directly linked with glucose concentration as shown
in Figure 1(b, c, d, e, f). Hyperglycemia damages
the structure of erythrocytes (MAZZANTI et al.,
1992, BUYS et al., 2013) and increases the level of
MCYV (HOSSEINI et al., 2014).

Tumor cells produce and release many
cytokines that increase the accumulation of
leukocytes and PLTs (PRANDONI et al., 2005).
Therefore we see that in blood cancer sample with
no sugar clumping of PLTs is already present as
shown in Figure 2(a). Increasing glucose
concentration causes to increase the aggregation of
platelets in leukemia because sugar increases the
cancer growth. Increasing glucose concentration
causes to increase the level of ADP, fibrinogen,
thromboxane A, collagen and von Willebrand factor
VWEF in leukemia by malignant WBCs so platelets
aggregation increases as shown in Figure 2(b, c, d,
e, f).

Hyperglycemia increases the risk of blood
cancer (CASTILLO et al.,, 2012). Leukemia and
hyperglycemia both suppress the immune system
and increases the risk of infections. A modest level
of hyperglycemia in leukemia causes hospital
mortality (ALI et al., 2007, ALI et al., 2006), it may
also occur during leukemia therapy and may be fatal
(WANG et al.,, 1993, ALI et al., 2006). So it is
necessary to control blood glucose level during
treatment (PUI et al., 1981, HARRIS et al., 2013).

Leukemic micrograph with no additional
salt shows that abnormal white blood cells are
already present as shown in Figure 3(a). At low
concentration, i.e.at 100 mM of NaCl an extra large
clump of WBCs is formed as shown in Figure 3(b)
which is the confirmation that hyponatremia is more
dangerous than hypernatremia. At further increasing
concentration, we observe that shape of leukocytes
changes due to dehydration and accumulation of
sodium ions inside them increases and clumping is
broken down, parts of white blood cells scattered
around RBC:s. Increasing quantity of sodium serves
as an anticoagulant and bursting agent for WBCs as
shown in Figure 3(c, d, e, f). WBCs count is
elevated in hypertension (WHITWORTH, 2004,
NAKANISHI et al., 2002, SUN et al., 2015).

The surfaces of RBCs are coated with
glycocalyx rich in  water and  anionic
glycosaminoglycan.  Surface  electronegativity
creates a potential called zeta potential that is
counteracted by plasma captions. Na ion interacts
strongly with the RBC glycocalyx. The high charge
density of Na ion is attracted by the negatively
charged glycocalyx surface, Na ion attracts the polar
water molecules to a larger extent. Excessive plasma
Na ion causes to decrease zeta potential to a very
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small value which causes the aggregation of red
blood cells (OBERLEITHNER, 2015). We observe
that molar concentration of sodium chloride is
directly related with rouleaux formation i.e.
aggregation of RBCs is increases by depletion
model which describe that depletion of surface
charge causing the aggregation of red blood cells
(WAGNER et al., 2013, BAUMLER et al., 1999).
Since increasing concentration of sodium chloride
continuously decrease the negative charge density of
erythrocytes, therefore aggregation of red blood
cells increases with increasing NaCl quantity 0
mM, 100 mM, 200 mM, 300 mM, 400 mM, 500
mM as shown in Figures 3(a, b, c, d, e, f). We
observe that at 400 and 500 mM rouleaux formation
is more severe than at lowers one as can be seen in
Figure 3(e, f). Hypertension alters erythrocytes
structure, reduces oxygen transport, increases blood
viscosity and rouleaux formation (CICCO;
PIRRELLI, 1999). Hypertension increases RBCs
count and reduces MCV (SUN et al., 2015).

Hypernatremia causes high blood pressure.
Accumulation of Sodium in platelet increases its
reactivity (ADROGUE; MADIAS, 1997, FRASER;
ARIEFF, 1997). High salt concentration changes
reactivity of platelet cells. Therefore, high intake of
salt affects on adrenaline gland that acts on
membranes of platelet and causes to aggregate them
(LAURENO; KARP, 1997, AYUS et al., 1987). We
see that clumping of platelets is already present in
blood cancer patient as shown in Figure 4(a).
Increasing concentrations of NaCl i.e. 100, 200,
300, 400, and 500 mM causes to increase platelets
aggregation at a higher rate which is the
confirmations that NaCl causes PLTs aggregation as
shown in Figure 4(b, c, d, e, f). After leukemia
therapy, there is a risk of hypertension (CHOW et
al., 2007). So, hypertension should be properly
controlled during and after therapy.

Figure 5(a) represents the effect of NaCl
and glucose on WBC in blood cancer. Percentage of
damaged WBC increases from 100-300 mM
concentration of NaCl and then decreases gradually
on further increasing salt concentration. In glucose
concentration percentage of dead WBC is minimum
at 300 and 400 mM but maximum at 200 mM i.e.
32.6% leukocytes are destroyed at 200 mM. TLC
decreases gradually which shows that these analytes
destroy leukocytes since it is an in vitro study that’s
why no leukocytes are added from bone marrow in
blood to elevate its level. Figure 5(b) represents the
effect of salt and glucose on percentage count of
RBC per micro-liter. Erythrocyte count increases in
both concentrations. Effect of glucose on percentage
erythrocyte count is more prominent than salt. Both
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salt and glucose damaged RBC structure and
percentage count increases. At 100 mM effect of
salt and glucose is the same. From 100-300mM
glucose concentration percentage of RBCs increases
more rapidly than salt, at 400-500mM glucose
concentration percentage count decreases.

Figure 5(c) represents the effect of salt and
glucose on percentage count of PLTs per micro-
liter. Thrombocytes are increased in both salt and
glucose; having maximum values at 200 mM for
both. Thrombocytes count increases up to 300 mM
but at a concentration above 400 mM in glucose and
500 mM in salt damaged its structure causes to
decrease their counts and form aggregates. The
decreases at a slow rate towards the normal ranges
which is again favorable but the damaged
thrombocytes and leukocytes adhere. The
aggregation causes to increase the blood viscosity,
cardiovascular problems and other complications in
a leukemic patient. Figure 5(d) represents the effect
of salt and glucose on percentage count of MCH per
picogram. Effect of glucose on MCH is severe than
salt. The decrease of MCH is maximum at a lower
concentration of salt and a higher concentration of
glucose.

Figure 5 (e) represents the effect of salt and
glucose on percentage count of MCHC gram per
deciliter decreases in both samples. It decreases
maximum at 100 mM of salt and 500 mM of
glucose. Figure 5(f) represents the effect of salt and
glucose on percentage count of HGB gram per
deciliter decreases. It also decreases maximum at
100 mM of salt and 500 mM of glucose. RBCs
count increases that result in increasing rouleaux
formation while a decrease of MCH, HGB, and
MCHC results to reduce the transport of oxygen to
speed up cancer cell growth and also increase the
risk of anemia.

Salt deactivate WBCs by dehydration and
changes their shape but sugar deactivates them by
suppressing their phagocytic properties. In the
treatment of blood cancer, therapy having the side
effects of hypertension and hyperglycemia can
cause the patient’s death because damaged blood
components are adhered to aggregate and increase
blood viscosity which leads to cardiovascular
complications like a heart attack. Avoiding the
things which are rich in sugar and salt and use of

419
ULLAH, H. et al.

fresh fruit juices are favorable in blood cancer
treatment.

CONCLUSIONS

Sugar speeds up cancer growth and
enhances the cancer growth production factors like
fibrinogen etc. Distortion of WBCs is maximum at
low glucose level but on further increasing glucose
concentration, it starts decreasing at a slow speed.

The percentage count of WBCs decreases
and RBCs increases in glucose concentrations.
Accumulation of white blood cells and rouleaux
formation increases with increasing concentration of
sugar in the blood of leukemia patient.

Aggregation of platelets is already present
in the leukemic patient. As sugar causes the
increases in cancer growth, so, aggregation of
platelets also increases. Large and small clumping
of PLTs increases with increasing glucose level
causes clotting in arteries which reduce the blood
flow results a cardiac disease. Moreover,
thrombocytopenia occurs due to the shortage of
normal platelets because thrombocytes are damaged
above 400 mM.

Hyponatremia causes WBCs aggregation
while increasing salt concentration in blood
(hypernatremia) results in the break off leukocytes
clumps and cell structure due to dehydration and
percentage count per micro-liter decreases at a
different rate.

Due to negative charge surface of RBC,
sodium ions accumulates around red blood cells
strongly and deplete electrostatic repulsion between
erythrocytes which causes strong aggregation of red
blood cells and percentage count increases at a
different rate.

NaCl concentration is directly related to the
rouleaux formation. Increasing concentration of salt
causes aggregation of platelets at a slow rate and
clumping of platelets becomes severe above 400
mM concentrations because PLTs starts damaged at
increasing rate. Both diabetes and hypertension in
leukemia are fatal because they facilitate rouleaux
formation, aggregation of leukocytes and
thrombocytes causes to increase the blood viscosity
and suppress the immune system.

RESUMO: O objetivo deste estudo foi medir os efeitos da glicose e do nivel de sal nos glébulos brancos,
glébulos vermelhos e plaquetas (PLTs) no sangue de um paciente leuc€mico usando um microscépio de luz branca. Foram
misturadas diferentes concentracdes de glicose e sal na gama de 0 mM a 500 mM na amostra de sangue para preparar
esfregaco de sangue. Descrevemos que a forma dos eritrécitos, leucécitos e plaquetas muda e forma agregados. O aumento
das concentragdes de glicose aumenta o processo de agregacdo de glébulos brancos, glébulos vermelhos e plaquetas. E a
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crescente concentracdo de cloreto de sédio causa o aumento da formacdo de rouleaux e a agregagdo de plaquetas, mas a
desidratag@o devido ao aumento da concentracdo de cloreto de s6dio causa a quebra da agregacdo de glébulos brancos. A
comparagdo dos relatérios de CBC dessas amostras com e sem analitos mostra que a contagem total de leucécitos (TLC)
diminui gradualmente para os intervalos normais de leucécitos, o que € favordvel no tratamento da leucemia, mas ao
mesmo tempo diminui o nivel de hemoglobina HGB, hemoglobina corpuscular média (MCH ), a concentragdo média de
hemoglobina corpuscular (MCHC) e o aumento do nivel de glébulos vermelhos (RBCs) reduz o suprimento de oxigénio, o
que € a favor do crescimento do cancer e da anemia. Este trabalho fornece a base para a traducdo deste estudo in vitro para
0 caso in vivo de microvasculatura de sangue como uma metodologia ndo-invasiva.

PALAVRAS-CHAVE: Microscopia de luz branca. Hemograma completo (CBC). Contagem total de
leucécitos (TLC). Globulos vermelhos (RBC). Glébulos brancos (WBC). Hemoglobina corpuscular média (MCH).
Concentrag¢do hemoglobina corpuscular média (MCHC).
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